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Single Molecule Fluorescence-Force Analysis of DNA and Nucleosome
Taekjip Ha.
University of Illinois, Urbana-Champaign, Urbana, IL, USA.
We developed single molecule instruments that can image single flurophores as
a function of force applied to DNA. This allowed us to probe the local structural
changes of a single nucleosome as a function induced by an external force. We
also developed a simple single molecule cyclization assay that can probe the
flexibility of sub-hundred base pair DNA. I will summarize our current under-
standing of how sequence dependent flexibility of DNA can influence the
dynamics and mechanical stability of a nucleosome.
2-Subg
High-SpeedMeasurements of Twist, Torque, and Extension using AuRBT:
Method and Applications to DNA Physics and Nucleoprotein Dynamics
Paul M. Lebel, Zev Bryant.
Stanford University, Stanford, CA, USA.
Simultaneous measurements of DNA twist and extension have been used to
measure physical properties of the double helix and to characterize structural
dynamics and mechanochemistry in nucleoprotein complexes [1-3]. However,
the spatiotemporal resolution of twist measurements has been limited by the use
of angular probes with large rotational drags, preventing the detection of short-
lived intermediates or small angular steps. Using gold rotor bead tracking
(AuRBT), we have now achieved >100X improvements in time resolution
relative to previous techniques [1-3]. AuRBT employs gold nanoparticles as
bright low-drag rotational and extensional probes, relying on new instrumenta-
tion that combines magnetic tweezers with objective-side evanescent darkfield
microscopy. We have tested our methodology with benchmark measurements
of DNA physical properties, and have implemented RBT torque spectroscopy
[1,4] with gold probes to achieve large improvements in Brownian-limited
torque resolution. Finally, we have used AuRBT to observe the structural
dynamics of DNA gyrase, examining conformational transitions at previously
inaccessible [2] timescales.
[1] Bryant, Z. et al. (2012) Curr Opin Struct Biol 22, 304-12.
[2] Basu, A. et al. (2012) Nat Struct Mol Biol 19, 538-46.
[3] Lipfert, J., Wiggin, M. et al. (2011) Nat Commun 2, 439.
[4] Oberstrass, F.C. et al. (2012) PNAS 109, 6106-11.
3-Subg
Single Molecule Mechanical Measurements using 3D DNA-Origami
Nanostructures
Dominik J. Kauert1, Claudius Hammer1, Hergen Brutzer1, Isabel Richter1,
Tim Liedl2, Ralf Seidel1.
1BIOTEC, Technische Universita¨t Dresden, Dresden, Germany,
2Ludwig-Maximilians-Universita¨t Munich, Munich, Germany.
The recent development of the origami technique has revolutionized
DNA-based assembly by allowing the synthesis of arbitrarily shaped and
sub-micrometer sized two-dimensional (2D) and three-dimensional (3D) archi-
tectures with atomic precision. Such structures offer great potential for the
development of nanomechanical elements, mediators and sensors, since by
varying the structure design mechanical elements with tuneable mechanical
properties could be fabricated. Here we present direct mechanical measure-
ments on single DNA origami objects. We show how such structures can be rig-
idly interfaced with surfaces and characterize their bending and torsional
rigidities. Based on this, a model that can describe the mechanical properties
of DNA-Origami nanostructures is presented. Using our knowledge about
DNA origami mechanics we designed new assays for fast torque measurements
on single DNA molecules. First results on the realization of such assays in
which the origami structure serves as a torsional spring and a so-called rotor
bead as a twist reporter are presented.
4-Subg
Biomolecular Processes under Torque
Michelle D. Wang.
Department of Physics, Cornell University, Howard Hughes Medical
Institute, Ithaca, NY, USA.
Due to the double helical nature of DNA, motor proteins that translocate along
DNA may have to rotate around the DNA helical axis. For example, during
transcription, the translocation of RNA polymerase along the double helical
DNA will generate torque that introduces (þ) supercoils in front and (-) super-
coils behind. Torque introduced by motor proteins is an essential regulatory
factor in biology; however direct measurements of torque have proven to be
challenging. To meet this challenge, we have developed an angular optical trap-ping (AOT) instrument that permits direct and simultaneous measurements of
force and torque. I will discuss our recent efforts in using the AOT to directly
measure the torques involved in biomolecular processes.
5-Subg
DNA Rotation during Viral Packaging Reveals Motor Mechanism and
Genome Organization
Craig L. Hetherington1, Aathavan Karunakaran2, Joerg Schnitzbauer2,
Paul Jardine3, Shelley Grimes3, Carlos Bustamante4.
1Physics, UC Berkeley, Berkeley, CA, USA, 2UC San Francisco,
San Francisco, CA, USA, 3University of Minnesota, Minneapolis, MN, USA,
4UC Berkeley, Berkeley, CA, USA.
Herpesviruses, adenoviruses and some bacteriophages package their genomes
into pre-formed capsids. Bacteriophage 429 compacts its genome via
a homo-pentameric-ring ATPase that translocates the DNA in 10-bp bursts
comprised of four substeps. The details of the organization of the packaged
DNA and motor mechanism remain unsolved. Using an optical tweezers
rotor-bead method, we find that the DNA outside the capsid rotates in the
left-handed sense during packaging, thereby forming within the capsid
a right-handed supercoil. Moreover, the motor rotates the molecule by
1.5/bp even if the capsid has been ruptured and the DNA is not confined.
We propose that through this rotation the motor ensures that one of the subunits
makes a regulatory DNA phosphate contact every 10 basepairs. This contact
assigns that subunit a non-translocating role, thus breaking the motor’s pen-
tameric symmetry to generate only four substeps in each cycle. Our experiment
demonstrates the potential of full three-dimensional tracking of the DNA pro-
vide unprecedented insight into the details of enzymatic function.
6-Subg
Torque and Dynamics of Linking Number Relaxation in Stretched Super-
coiled DNA
John F. Marko, PhD1, Sebastien Neukirch2.
1Physics, Northwestern University, Department of Molecular Biosciences,
Evanston, IL, USA, 2Institut Jean Le Rond d’Alembert, Paris, France.
Single-DNA micromanipulation experiments have been able to control DNA
twist since the seminal ‘‘magnetic tweezers’’ work of Strick et al. (Science
271, 1835, 1996). However, precise measurements of DNA torque have only
become available over the past few years. I will discuss a few of the interesting
features of DNA torque as a function of DNA twisting, including: torque ‘‘over-
shoots’’ observed at the DNA ‘‘buckling transition’’ at the onset of plectonemic
supercoiling first observed by Forth et al. (Phys. Rev. Lett. 100, 148301, 2008)
and analyzed theoretically by Daniels et al. (Phys. Rev. E 80, 040901, 2009);
non-constant torque following buckling associated with formation of multiple
plectonemes; and the torque-twist response associated with the torque-force
‘‘phase diagram’’ which accounts for the dramatic structural reorganizations
of the double helix that occur when it is placed under large amounts of stress.
I will also discuss the dynamics of relaxation of torsional stress in DNA by top-
oisomerases and serine recombinases. Those enzymes appear to act as sources
of rotational friction, slowing relaxation of torsional stress, as first shown by
N. Dekker and colleagues in experiments on topo IB. Our group has used the
same approach in experiments which observed a rotational strand exchange
mechanism during site-specific recombination by serine recombinases; those
enzymes have a large putative rotating surface, and display a larger amount
of rotational friction than type I topoisomerases.
7-Subg
Probing the Response of Double-Stranded RNA to Force and Torque at the
Single-Molecule Level
Jan Lipfert, Dr1, Gary M. Skinner2, Johannes Keegstra2, Toivo Hensgens2,
Tessa Jager2, David Dulin2, Serge Donkers2, Nynke H. Dekker2.
1Kavli Institute of Nanoscience, Delft University of Technology, Delft,
Netherlands, 2Delft University of Technology, Delft, Netherlands.
Double-stranded RNA (dsRNA) plays a number of roles in biological processes
in which it often encounters mechanical strain; examples include the packaging
of dsRNA viral genomes, deformations of the ribosome during translation, and
conformational changes of RNAs while folding or due to interactions with pro-
teins. While the response of dsDNA to applied forces and torques has been
measured with exquisite precision, much less is known about dsRNA.
We have developed a labeling method that allows us to generate fully double-
stranded RNA constructs carrying multiple biotin and digoxigenin labels at
opposite ends. Using the functionalized dsRNA constructs in a range of a com-
plementary magnetic tweezers assays [1,2,3], we have probed the elastic prop-
erties of dsRNA and determined force and torque induced structural transitions
that go beyond linear response behavior.
From the force-extension response, we have determined the bending persis-
tence length and the stretch (or Young’s) modulus of dsRNA and find values
2a Saturday, February 2, 2013overall similar to dsDNA. Employing our novel magnetic torque tweezers
assays [1], we have probed the torsional response of dsRNA and again find
a behavior that is generally similar to dsDNA. Surprisingly, measurements of
the twist-stretch coupling reveal a striking difference between dsRNA and
dsDNA. While DNA lengthens when overwound, RNA shortens. In addition,
we have studied the dynamics of the buckling transition and discovered that
the characteristic time scale of the transition is about two orders of magnitude
slower for RNA than for DNA.
We expect that these measurements of the fundamental properties of dsRNA
can help refine our models for twist-storing polymers and inform quantitative
models of RNA function in vivo.
[1] Lipfert, et al. Nature Methods (2010)
[2] Lipfert, Wiggin, et al., Nature Communications (2011)
[3] Janssen, Lipfert, et al., Nano Lett. (2012)
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The Mitochondrial Uniporter: From Molecular Discovery to Physiology
Vamsi Mootha.
Harvard Medical School, MA, USA.
Calcium uptake via the mitochondrial ‘‘uniporter’’ was documented nearly
50 years ago, and has been studied extensively at the physiological level. This
channel is hypothesized to be crucial to disease pathogenesis, yet its molecular
identity has remained elusive. In this talk I will present our work over the past
few years that has combined mitochondrial proteomics and comparative
genomics to identify MCU (the putative pore-forming subunit) and MICU1
(a key regulatory partner). The molecular characterization has enabled us to
gain new insights into the function and physiology of this channel complex.
9-Subg
Molecular Definition and Functional Role of the Mitochondrial Calcium
Uniporter
Rosario Rizzuto.
University of Padua, Padua, Italy.
Mitochondria rapidly accumulate Ca2þ through a low-affinity uptake system
(the mitochondrial Ca2þ uniporter, MCU) because they are exposed to high
[Ca2þ] microdomains generated by the opening of ER Ca2þ channels. These
rapid [Ca2þ] changes stimulate Ca2þ-sensitive dehydrogenases of the mito-
chondrial matrix, and hence rapidly upregulate ATP production in stimulated
cells. Ca2þ also sensitizes to cell death mediators, e.g. ceramide. Accordingly,
we demonstrated that Bcl-2 reduces the state of filling of ER Ca2þ stores, and
this alteration is effective in reducing the sensitivity to apoptotic challenges. I
will discuss our recent discovery of the molecular identity of the MCU, i.e. the
key molecule of mitochondrial Ca2þ homeostasis. I will present the strategy,
and the experiments, that allowed to identify the protein, that remained elusive
for 50 years. Then, I will present data that clarify the composition and the reg-
ulatory mechanisms of this highly sophisticated signaling machinery. Finally, I
will show that molecular targeting of MCU allows novel insight into the regu-
lation of cellular metabolism and cell death processes.
References
D. De Stefani, A. Raffaello, E. Teardo, I. Szabo, R. Rizzuto (2011) A forty-
kilodalton protein of the inner membrane is the mitochondrial calcium uni-
porter. Nature 476:336-340
10-Subg
Multiple Mitochondrial Calcium Influx Mechanisms: Physiological and
Pathological Implication
Shey-Shing Sheu, Ph.D.
Medicine, Thomas Jefferson University, Philadelphia, PA, USA.
Mitochondrial Ca2þ homeostasis is crucial in balancing cell survival and death.
Especially mitochondrial Ca2þ uptake mechanism across the inner membrane
is important for the regulation of ATP synthesis, the amplitude and spatiotem-
poral patterns of intracellular Ca2þ transients, the mitochondrial fission/fusion,
and movement, the opening of permeability transition pores, and the generation
of reactive oxygen species. Commonly, mitochondrial Ca2þ uniporter (MCU)
has been considered to be the sole Ca2þ influx mechanism. However, several
studies have also identified additional Ca2þ uptake pathways including rapid
mode of uptake (RaM) and type 1 ryanodine receptor (mRyR1) from our and
collaborators’ laboratory. In this talk, I will focus on the relative contribution
of MCU and mRyR1 in mitochondrial Ca2þ uptake. By using genetic ap-
proaches of knock-down, knock-out, or over-expression of MCU and RyR1,
we were able to delineate the differential role of MCU and mRyR1 in regulat-
ing mitochondrial Ca2þ, energetics, and morphology. Furthermore, the patho-
physiological implications of distinct characteristics of MCU and mRyR1 in
cardiac excitation and contraction will be discussed.11-Subg
Mitochondrial Dynamics and Quality Control
Heidi McBride, Ph.D.
Montreal Neurological Institute, Montreal, QC, Canada.
One of the most critical emerging functions for mitochondrial plasticity is the
contribution to quality control and the cellular stress response. Mitochondrial
hyperfusion is triggered in response to cellular stress or starvation, a process
the we recently showed to be activated by the presence of oxidized glutathione.
This transient hyperfusion is thought to protect the cell from stress-induced ap-
optosis. On the other hand, mitochondrial fragmentation is important in the seg-
regation of dysfunctional organelles that have lost their electrochemical
potential. These non-respiring mitochondrial fragments recruit the ubiquitin
E3 ligase Parkin, which mediates delivery to the autophagosome. The identifi-
cation of this pathway has cemented our understanding of the intimate links
between fission and mitochondrial turnover. Our own lab has recently demon-
strated that respiring, tubular mitochondria generate small vesicles that carry
selected, damaged proteins to the lysosome. We are working on dissecting
the molecular machinery that governs the generation of mitochondrial-
derived vesicles, which will be the topic of discussion within this session.
Together, the dynamic cycles of fusion, fission and vesicle generation operate
at different levels to isolate oxidized proteins, lipids or entire organelles that are
targeted for degradation.
12-Subg
Mitochondrial Division Prevents Neurodegeneration
Hiromi Sesaki.
Department of Cell Biology, Johns Hopkins University School of Medicine,
Baltimore, MD, USA.
Mitochondria divide and fuse continuously, and the balance between these two
processes regulates mitochondrial shape. Altered mitochondrial dynamics is
linked to many neurodegenerative diseases. In this talk, I will discuss our recent
findings on the physiological and cellular functions of mitochondrial division in
postmitotic neurons using in vivo and in vitro gene knockout for the mitochon-
drial division protein Drp1. When mouse Drp1 was deleted in postmitotic
Purkinje cells in the cerebellum, mitochondrial tubules elongated due to excess
fusion, became large spheres due to oxidative damage, accumulated ubiquitin
and mitophagy markers, and lost respiratory function, leading to neurodegener-
ation. Ubiquitination of mitochondria was independent of the E3 ubiquitin
ligase parkin. Treatment with antioxidants rescued both mitochondrial swelling
and cell death in Drp1KO Purkinje cells. Moreover, hydrogen peroxide con-
verted elongated tubules into large spheres in Drp1KO fibroblasts. Our findings
suggest that mitochondrial division serves as a quality control mechanism to
suppress oxidative damage and thus promotes neuronal survival.
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13-Subg
DNA-Mediated Signaling
Jacqueline K. Barton.
California Institute of Technology, Pasadena, CA, USA.
Many experiments have now shown that double helical DNA can serve as a
conduit for efficient charge transport over long distances. We have seen, for ex-
ample, that oxidative damage to DNA can be promoted from a distance as
a DNA-mediated redox process. Photophysical, electrochemical and biochem-
ical experiments have been conducted to characterize this chemistry. Uniquely,
this chemistry is exquisitely sensitive to perturbations in the DNA base stack,
such as arise with base mismatches, lesions, and protein binding. We have ex-
plored how this chemistry may be used within the cell for long range signaling.
Studies are described where DNA charge transport is utilized in signaling
DNA-bound proteins, both to regulate transcription and to activate repair of
base lesions under conditions of oxidative stress. DNA charge transport chem-
istry provides an opportunity to carry out redox chemistry at a distance.
14-Subg
Small Changes in Enzyme Function can Lead to Surprisingly Large
In Vivo Effects during Evolution
Yousif Shamoo.
Rice University, Houston, TX, USA.
In principle, evolutionary outcomes could be largely predicted if all the relevant
physicochemical variants of a particular protein function under selection were
known and integrated into an appropriate physiological model. We have tested
this principle by generating a family of variants of the tetracycline resistance
protein TetX2 and identified the physicochemical properties most correlated
with organismal fitness. Surprisingly, small changes in the Km(MCN), less
than 2-fold, were sufficient to produce highly successful adaptive mutants
over clinically relevant drug concentrations. We then built a quantitative model
